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OF THE CELL DEATH GENE FAS RS1159120 AND THE ANTIGEN-RECOGNIZING
GENE OF THE TOLL-LIKE RECEPTOR TLR4 RS1927911

0.V. Dolgikh, N.V. Zaitseva, O.A. Kazakova, A.V. Yaroma, T.S. Ganich

Federal Scientific Center for Medical and Preventive Health Risk Management Technologies, 82 Monastyrskaya St.,
Perm, 614045, Russian Federation

Secondary immunodeficiency remains an incompletely understood medical problem, and despite a significant number
of international and scientific studies, there is no complete picture of the causes and consequences of this pathology. Metal
cations have been proven to participate in the formation of acquired immunodeficiency. In particular, aluminum properties
as an immune suppressor have been established and its targets in the body have been identified in case aluminum was pre-
sent in biological media. However, no evaluations have been accomplished so far as regards the role of specific point ge-
netic changes, that is, polymorphisms in the genes of immune system compartments that determine the risk of negative effects
caused by contamination with metal cations, including aluminum. It is quite relevant to search and substantiate immunoge-
netic markers to create an indicator system for diagnostics and prevention of secondary immunodeficiency states in children
associated with aluminum contamination in biological media.

We examined 97 preschool children exposed to elevated levels of airborne aluminum (in an area influenced by a met-
allurgic production). The study groups were divided depending on either presence or absence of secondary immunodefi-
ciency as immune system pathology (common variable immunodeficiency D83). Several markers of the immune system were
evaluated: aluminum-specific 1gG, CD3", CD4*, CD8", CD127,, CD95", CD284", and phagocytic activity; we also evalu-
ated polymorphism of TLR4 A8595G (rs1927911) and FAS C14405T (rs1159120) genes of innate and acquired immunity.

According to the results obtained by examining biological media composition, children with secondary immunodefi-
ciency had 1.8 times higher aluminum levels in urine (0.0095 + 0.0014 vs. 0.0054 + 0.0009 mg/dm?®, reference range
< 0.0075 mg/dm®) as opposed to their conditionally healthy peers. We established an authentic inverse dependence between
the expression level of the main CD clusters (CD3": r = -0.38; CD4": r = -0.39; CD8": r = -0.26) as well as indicators of
phagocytic activity (r = -0.22-0.23) and the level of aluminum contamination in biological media (urine). Expression of
T-mature lymphocyte clusters was found to be inhibited by 1.3-3.1 times (including T-helpers, effector T-lymphocytes,
NK-killers, regulatory lymphocytes) and we also detected some changes in expression of specific immunoglobulin of 1gG
class to aluminum. All this results in an unacceptable level of relative risk (RR = 1.23-1.63) of developing secondary immu-
nodeficiency against increased frequency of allele C and genotype CC of FAS gene (rs1159120) by 1.2 and 1.5 times respec-
tively, as well as minor allele G of TLR4 gene (rs1927911) by 1.8 times relative to the comparison group (OR = 4.05;
Cl: 1.41-11.59; p = 0.006; RR= 1.23; Cl: 1.02-1.48) and (OR = 2.01; Cl: 1.04-3.91; p= 0.037; RR= 1.64; Cl: 1.46-1.94). Toll-
dependent and FAS-dependent mechanism of this risk is associated with aluminum contamination. It is recommended to use a com-
bination of immune and genetic markers as indicator ones when evaluating the immune system state, in order to prevent the risk
(RR = 1.23-1.63) of secondary immunodeficiency associated with aluminum contamination in biological media.

Keywords: aluminum, children, relative risk, secondary immunodeficiency, cell differentiation clusters, FAS gene,
TLR4 gene.
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Identification of imbalance in micro-
elements, like aluminum, is an important
task that has to be tackled to prevent devel-
opment of chronic intoxications. Aluminum
does not have any biological function in the
human body; however, when this element or
its compounds persist in biological media for
a long time, they may affect the hematopoi-
etic system, bones, nervous system and im-
munological indicators' [1, 2]. This metal
has adverse effects not only on cell struc-
tures but also on their functions, in particu-
lar, ability to proliferate [3]. Aluminum pro-
motes the expression of the apoptosis gene
FAS [4]. D. Cheng with colleagues estab-
lished and proved that aluminum was able to
damage macrophages thus promoting secon-
dary immunodeficiency development [1, 5].
Experimental data reported by B. Wang with
colleagues allowed establishing that alumi-
num could also affect gut microbiota de-
creasing its diversity and disrupt its overall
structure, which, in its turn, had a negative
effect on the immune system [6].

Secondary (acquired) immunodeficiency
is a specific dysfunction of the immune system
that can occur in different age groups. Chil-
dren aged 46 years are exposed to elevated
viral and bacterial loads and any disruption of
cell differentiation, proliferation and adapta-
tion, together with decline in their number and
activity, results in higher respiratory incidence
with possible bacterial infections [7].

Although secondary immunodeficiency is
not innate, nevertheless, polymorphism of
genes that regulate the immune response has a
significant role in making the body resistant to
chemical and biological environmental expo-
sures.

Toll-like receptors TLR belong to the in-
nate immunity. They are the first to recognize

ligands of viruses, bacteria, protozoa and fungi
and to launch an immune reaction [8]. There is
evidence that polymorphism of TLR genes, in
particular, TLR4 that is a signaling molecule
responsible for cytokine expression, is associ-
ated with allergic, infectious and autoimmune
diseases [9, 10].

The FASmediated apoptosis system
(CD95") contributes to physiological and
pathological cellular processes, such as dif-
ferentiation and survival. Studies on muta-
tions in the FAS gene can promote better un-
derstanding of the pathogenesis of autoim-
mune diseases and immunodeficiency
formation [11]. FAS antigen plays the
key role in regulating programmed cell death
and is expressed on B- and T-lymphocytes
[12, 13].

Search for new immunological and ge-
netic markers associated with the develop-
ment of aluminum-modified secondary im-
munodeficiency in children is relevant given
new challenges and threats that arise due to
changes in the sanitary-hygienic situation
caused by exposure to new airborne chemi-
cals able to affect human health.

The aim of this study was to assess
risks of secondary immunodeficiency asso-
ciated with specific polymorphism of the
cell death gene FAS rs1159120 and the an-
tigen-recognizing gene of the toll-like
receptor TLR4 rs1927911 in children with
aluminum contamination in biological
media.

Materials and methods. We examined
97 children aged between 3 and 6 years who
lived in an area influenced by emissions from
a non-ferrous metallurgy plant in Western Si-
beria. The observation group consisted of
50 children aged 5.0 + 0.3 years with secon-
dary immunodeficiency (common variable

! Zaitseva N.V., Dolgikh O.V., Krivtsov A.V., Otavina E.A., Bubnova O.A., Dianova D.G., Bezruchenko N.V., Permi-
nova L.V. Sposob otsenki vliyaniya alyuminiya na immunnyi status [The method for assessing effects of aluminum of the im-
munity]: patent No. 2629597 Russian Federation, MPK G01N33/53], no. 2016126799; submitted on July 04, 2016; published
on August 30, 2017, Bulletin No. 25; Federal Scientific Center for Medical and Preventive Health Risk Management Technolo-

gies is the applicant and patent holder (in Russian).
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immunodeficiency, D83); the reference group
was made of 47 presumably healthy children
aged 4.3 £ 0.3 years. Both groups were com-
parable in terms of age, socioeconomic status
and ethnicity.

All examinations were conducted at the
Federal Scientific Center for Medical and Pre-
ventive Health Risk Management Technologies
(the study was approved by the Ethics Commit-
tee, the meeting report No. 8 dated July 17,
2023) in conformity with the ethical standards
stipulated in the WMA Declaration of Helsinki.

Aluminum was quantified in urine using a
quadrupole mass spectrometer with induc-
tively coupled plasma Agilent 7500cx (Agilent
Technologies, USA) with the octopole reaction
system (ORS) in accordance with the methodi-
cal guidelines MUK 4.1.3589-19 “Measure-
ment of aluminum mass concentration in bio-
logical media (blood, urine) by inductively
coupled plasma mass spectrometry”.

Immunological tests of blood serum in-
dicators were performed using the unified re-
search technique, namely, ELISA tests, on a
Biotek ELx808 (USA).

We examined CD-clusters of cell differ-
entiation and intracellular apoptosis markers
on a flow cytometer BD FACSCalibur (USA)
using relevant monoclonal antibodies and the
universal software CellQuestPrO. The exami-
nations included determining CDI127,
CD16'56", CD19", CD3", CD3" CD8" counts
with flow cytometry.

Phagocytic activity levels were identified
using formalized sheep erythrocytes as phago-
cytosis objects following the V.N. Kaplin tech-
nique.

We examined polymorphism of the cell
death FASrs1159120 gene and antigen-recog-
nizing toll-like receptor TLR4 gene by real-
time polymerase chain reaction performed on
a CFX96 Real Time System.

Research data were statistically analyzed
using Statistica 12.0 (StatSoft, Inc., USA) and
Microsoft Excel 2013. We determined the
simple mean (X) and its standard deviation
(SD). Distribution was checked for normalcy
using the Shapiro — Wilk test. Mean values
were compared using the Student’s t-test. The
relationships between the analyzed immune
markers and levels of aluminum contamina-
tion in biological media were assessed using
Pearson Correlation. Risk assessment in-
volved calculating relative risks (RR) of nega-
tive processes associated with candidate gene
polymorphism. Differences were considered
authentic at the significance level being above
95 % (p < 0.05).

Results and discussion. Chemical tests
established that children from the observation
group had authentically 1.8 times higher alu-
minum levels in urine against the reference
group (0.0095 + 0.0014 against 0.0054 =+
+ 0.0009 mg/dm’, the reference level is below
0.0075 mg/dm’).

Specific immune response was estab-
lished to be authentically higher in the obser-
vation group as per the level of IgG to alumi-
num, which was 1.8 times higher than in the
reference group (p < 0.05) [14].

Comparative analysis of cell differentia-
tion clusters established an authentic imbal-
ance of regulatory mediators in the observa-
tion group associated with immunodeficiency.
Thus, the absolute count of T-mature CD3+-
lymphocytes responsible for cell-mediated
immunity was 1.4 times lower. We estab-
lished an authentic inverse correlation be-
tween CD3+ levels and levels of aluminum
contamination in biological media (urine)
(r =-0.38; p < 0.05). Alpatova N.A. with col-
leagues reported a decrease in the proportion
of CD3"-lymphocytes in animals upon alumi-
num administration® [15]. We found defi-

? Zaitseva N.S., Sizyakina L.P., Bagmet A.D., Kharitonova M.V. Sposob diagnostiki vtorichnogo immunodefitsita [The
method for diagnosing secondary immunodeficiency]: patent No. 2749781 C1 Russian Federation, MPK GOIN 33/53, no.
2020137481, submitted on November 16, 2020, published on June 16, 2021; Rostov State Medical University of the RF Minis-

try of Health is the applicant (in Russian).
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ciency of T-helpers CD3'CD4" (1.3 times
lower in the observation group), which are
responsible for antigen recognition and im-
mune response regulation, and also estab-
lished an authentic inverse correlation with
aluminum contamination in biological media
(urine) (r = -0.39). In another study, Y. She
with colleagues reported less active Thl im-
munocytes that secreted pro-inflammatory
cytokines under exposure to aluminum [16].
In our study, deficiency of effector T-cytoto-
xic lymphocytes CD3" CD8" (1.4 times
lower) was shown to result in cancelled apop-
tosis launch, which was associated with nega-
tive effects produced by aluminum on cellular
immunity (r =-0.26; p<0.05)[16, 17]. The
present study verifies inhibited production
(by 3.1 times lower) of T-regulatory lympho-
cytes CD127 as well as an authentic decline
in expression of the membrane receptor of
FASreceptor cell death CD95" (by 1.6-1.8
times lower), which is an apoptosis trigger,
which control the intensity of an immune re-
sponse given by T-effector cells [18]. We also
established an authentically inhibited expres-

sion of the toll-like receptor 4 (CD284"
rel./abs. 1.6—1.8 times lower), which elimi-
nates adequate pro-inflammatory mediator
effects of antiviral and antibacterial immunity
against the same indicators in the children
from the reference group (p < 0.05).

Phagocytic activity assessment estab-
lished that the relative count of phagocytic
cells and their absorbing capacity was 10 %
lower than in the observation group against the
reference one (Table 1). A rise in the alumi-
num level in biological media (urine) has an
inverse correlation with the level of phagocytic
activity; this verifies that the chemical is able
to suppress immunity’ [19, 20].

We examined peculiarities of polymor-
phism of the cell death FAS (rs1159120)
gene and antigen-recognizing toll-like recep-
tor TLR4 (rs1927911) gene in children with
immunodeficiency exposed to aluminum. As
a result, we found significantly (p < 0.05)
higher frequency of C allele of the FAS
(rs1159120) gene and its CC genotype, 1.2 and
1.5 times higher accordingly, as well as signi-
ficantly (p < 0.05) 1.8 times higher frequency

Table 1

Peculiarities of the immune profile of the children from the analyzed groups

Indicator Reference range Observation Reference p(t)
IgG to aluminum, atb. units 0-0.1 0.16 +0.05 0.09 +0.02 0.0220
CD3"-lymphocytes, abs., 10/1 0.69-2.54 1.54+0.13 2.08+0.24 0.0000
CD3'CD4"-lymphocytes, abs., 10°/1 0.41-1.59 0.84 +0.08 1.10+£0.13 0.0010
CD3'CD8"-lymphocytes, abs., 10°/1 0.19-1.14 0.60 +0.07 0.83+0.09 0.0000
CDI127 lymphocytes, abs., 10°/dm’ 0.015-0.04 0.07 +0.03 0.22+0.05 0.0000
CD95" lymphocytes, abs., 10°/ dm’ 0.43-0.87 0.290 + 0.04 0.511+0.05 0.0008
CD95" lymphocytes, rel., % 20-40 15+1.05 25+2.15 0.0000
CD284" lymphocytes, abs., 10°/ dm® 0.2-0.4 0.208 + 0.03 0.380 = 0.04 0.0008
CD284" lymphocytes, rel., % 10-20 11+£0.95 18+£0.97 0.0000
Phagocyte proportion, % 35-60 48.44 +£1.98 53.76 £3.16 0.0060
Phagocytic number, atb. units 0.8-1.2 0.88 £0.05 1.02 £0.08 0.0070
Absolute phagocytosis, 10°/ dm’ 12 1.24£0.13 1.93+0.31 0.0000

> Immunoterapiya: rukovodstvo dlya vrachei [Immunotherapy: guide for physicians]. In: R.M. Khaitov, R.I. Ataullkha-
nov eds. Moscow, GEOTAR-Media Publ., 2012, 672 p. (in Russian).
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Table 2
The results obtained by genotyping of candidate genes FAS (rs1159120)
and TLR4 (rs1927911)
Observa- | Reference Geno- | Observa- | Reference
Gene | Allele |, . ™| %0 X(p) | OR(CI) wype |tion% 0| % M) X(p) | OR (CI)
4.56
CC | 84.8(39 01
c | 92485 | 75.0(30) ' 4;"?51 % (39) | 500D (1.38-15.03)
FAS 7.52 (LA 7.70 0.27
C14405T 0.006) CT 152(7) | 40.0(8) ©002) | (0.08-090)
(rs1159120) . 76(7) 25.0(10) 0.25
: : (0.09-0.71) 0.14
TT 0 (0) 5.0 (1) (0.01-3.58)
0.50 AA | 583(28) | 73.8(45) 0.50
A 72.9(70) | 84.4 (103) (0.22-1.12)
TLRa 434 (026097 3.50 1.52
A8595G (0.637) AG | 292(14) | 213(13) (0:17) (0‘63'_3'64)
(1927911 G 27.1(26) | 15.6(19) 201
' : (1.04-3.91) 276
GG | 12506) | 49(3) (0.65.11.68)

of G allele of the TLR4 (rs1927911) gene
against the reference group. The wild C allele
of the FAS (rs1159120) gene and the
minor G allele of the TLR4 (rs1927911) gene
are both factors that determine greater likeli-
hood of unfavorable scenarios (likely manifes-
tations of an immunodeficiency) associated
with aluminum contamination in biological
media (urine) (OR = 4.05; CI: 1.41-11.59;
p = 0.006; RR = 1.23; CI: 1.02-1.48) and
(OR=2.01; CI: 1.04-3.91; p=0.037; RR = 1.64;
CI: 1.46-1.94) (Table 2). The absolute expres-
sion of CD3+CD95+ activated T-lym-
phocytes and CD284+ as markers of apop-
tosis, cytokine expression and effectiveness
of anti-infection immunity was authenti-
cally 1.6-1.8 times lower in the observation
group in carriers of these polymorphisms of
the FAS gene (rs1159120) and the toll-like
receptor gene TLR4. This reflected expected
inhibition of cell death and protein elimina-
tion controlling as regards both infectious
agents and own nonfunctional proteins
(Table 2).

Therefore, the present study verifies the
hypothesis, which confirms the results re-
ported in previous studies as regards effects
produced by aluminum in vitro as immuno-

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163 ISSN (Eng-online) 2542-2308

suppressant. As an immunosuppressant, the
chemical affects certain priority regulatory
clusters in cell differentiation, namely, some
phenotypes of T-mature lymphocytes, inclu-
ding T-helpers, effector cells, T-regulatory
lymphocytes. Among the latter, we should
mention those having receptors of apoptosis
and cytokine regulation controlling (CD284";
CD95"), imbalance of which is authentically
combined with changed frequency of risk-
associated alleles of the genes responsible
for innate and adaptive immunity, TLR4
A8595G (rs1927911) and FAS C14405T
(rs1159120) in children with diagnosed
secondary immunodeficiency and alumi-
num contamination in biological media
(RR =1.23-1.64).

Conclusions. Our study findings indicate
that polymorphism of the apoptosis FAS
rs1159120 gene and antigen-recognizing toll-
like receptor TLR4 rs1927911 gene creates risk
(RR = 1.23-1.63) of secondary immunodefi-
ciency in children with elevated aluminum
levels in biological media (1.3 times higher
than the reference level).

The study reports immune-suppressing
effects produced by aluminum on the im-
mune system cells (T-regulatory lymphocytes
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CD127", T-lymphocytes with the CD95" phe-
notype, their production is 1.6-3.1 times
lower; the CD284" phenotype of toll-like re-
ceptors, production 1.6-1.8 times lower).
The effects are verified by authentic models
of the relationship between inhibited expres-
sion of T-lymphocytic clusters and alumi-
num levels in urine (CD3": r = -0.38; CD4":
r =-0.39; CD8": r = -0.26), which manifests
itself as cancelled apoptosis controlling, in-
hibited activation of its receptor-mediated
pathway and anti-infection immunity
(CD284"; CD95™).

Authentically higher frequency of can-
didate alleles and genotypes of innate and
adaptive immunity was established; C allele
and CC genotype of the FAS gene
(rs1159120) were 1.2 and 1.5 times more
frequent accordingly and minor G allele of
the TLR4 gene (rs1927911) was 1.8 times
more frequent than in the observation group.
This higher frequency was associated with

aluminum contamination in biological
media (urine) (OR = 4.05; CI: 1.41-11.59;
p = 0.006; RR = 1.23; CI: 1.02-1.48) and
(OR = 2.01; CI: 1.04-3.91; p = 0.037;
RR = 1.64; CI: 1.46-1.94). This reduces the
body resistance to viral and bacterial patho-
gens in the environment (CD284") and cre-
ates the elevated risk of secondary immuno-
deficiency (D83).

It is recommended to use immunologic
(CD284"; CD95") and genetic (C allele and
CC genotype of the FAS(rs1159120) gene and
G allele of the TLR4 (rs1927911) gene) indica-
tors as markers of effect and sensitivity associ-
ated with the risk (RR = 1.23-1.64) of alumi-
num-modified secondary immunodeficiency in
children.
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